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Abstract
Shading windows has been shown to reduce energy costs by reducing temperatures inside of
buildings. Previous studies focused on office buildings and shades that respond to changing light levels,
and found that automatic window shades are more effective at reducing temperature than manual
shades. Few studies have been done on the effectiveness of reducing temperature with window shades
controlled by motion detectors, however, motion detectors have been found to reduce energy
consumption from lighting systems. To see if motion detectors are also effective at reducing
temperature when used with window shades, this study focused on a cheap, easy to install automatic
window shade that uses a motion detector to open only when the room is occupied. It was found that
the window shade with a motion detector had no effect on the temperature of the room. However,
there was a strong correlation found between the temperature of the room and the inside temperature
of the house, possibly due to inadequate isolation of the experimental room during testing. Further
study is recommended that addresses this issue before the effectiveness of the window shade is
determined.
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Introduction
In warmer states, cooling costs can be up to 25% of the total energy use in homes (U.S. Energy
Information Agency, 2009). Reducing the energy consumption of homes can help save money and
reduce the impact on the environment. Many studies have been done on the effectiveness of shading
devices in reducing the energy use of a building through reducing cooling costs. These studies cover a
wide range of shading devices, such as glazed windows, electrochromic windows, and vertical window
shades. Gasparella et al. (2012) did a study on glazing systems and their effect on energy use, and found
that more savings were realized when the transmittance, or how much light is let through the window,
decreased.
Lee & Tavil (2007) did a study on electrochromic windows, which change their transmittance
based on the amount of incident light. They found that the use of electrochromic windows will slightly
increase the energy use for moderately sized windows, but will decrease the energy use for larger
windows. When compared to a no shading situation, the savings increase even more. The increase in
energy use for moderately sized windows is due to an increase in the use of a lighting system when the
windows are blocked, increasing the electricity use. Another study (Persson et al. 2006) also found that
the size of the windows have an effect on the cooling costs but not heating costs, so reducing the
effective size of the window by blocking light has an effect on the cooling costs.
In both studies discussed above, the products (glazing or electrochromic) are integrated into the
window itself. This is a good method to use, since it is simple and doesn’t take up any space, however,
when implemented in existing buildings, it requires replacement of the entire window, which can be
expensive. Shading devices that are separate from the window can be easily implemented, without
replacing the entire window.

There are 2 main types of shading devices: horizontal and vertical. Horizontal devices are similar
to awnings and project horizontally from a building. They are used to help reduce the amount of direct
sunlight reaching a window, especially during warmer months. They are passive systems, and don’t react
to changing light levels. They can be also expensive to install, and can cost up to $40 per square foot.
Vertical devices are similar to more traditional shades. They come in a variety of styles, can be
interior or exterior, and they block sunlight by directly covering all or part of the window. There have
been many studies done on the effectiveness of vertical window shades at reducing energy
consumption (Bambrook et al. 2011; Rubin et al. 1978; Shen & Tzempelikos, 2012; Tzempelikos &
Athienitis, 2007), and all agree that using window shades will reduce the energy usage, although by
varying amounts. One study (Shen & Tzempelikos, 2012) found that using window shades can lead to
increase energy from indoor lighting, meaning the shades will only save energy overall when the savings
in cooling costs are greater than the increase in lighting costs.
Three studies (Bambrook et al. 2011; Tzempelikos & Athienitis 2007; Shen & Tzempelikos 2012)
used automatic window shades that would close when the incident light reached a certain threshold.
Another study (Rubin et al. 1978) looked at manual operation of window shades. Based on these
studies, automatic operation of window shades seems to be the most effective option for reducing
energy use. A study done by O’Brien et al. in 2013 looked at trends of manual shade use in office
buildings. They found that people did not change the shade based on thermal conditions, especially if
the building is conditioned. Instead most people will change shade position based on visual
considerations, such as reducing glare.
The majority of the studies conducted on window shades focused on office buildings. There
were few studies that focused on window shades in home use. One study (Bambrook et al. 2011) did
focus on home use, and determined that window shades would reduce the energy cost; However, they
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focused on total energy reduction from a variety of measures, and didn’t quantify the contribution of
shades.
The studies that do look at window shades typically focus on shades that are sensitive to light
levels, instead of using a motion sensor. Using a motion sensor to fully close the shade when the room is
not in use would help solve the problem of increasing lighting costs, since the shade would be able to let
in some light when the room is in use, but still be able to help reduce thermal gains.
A study by Roisin et al. (2008) compared energy savings from light fixtures between dimming
systems, meaning they control light level based on outside light, and motion detection systems. They
found that when the occupancy of the room is greater than 44% of the time, the dimming systems are
better at reducing energy consumption, while the motion detection system is better for occupancy less
than 27% of the time. While this study looked at light fixtures, the results could be indicative of the
energy savings from window shades as well.
Since office buildings tend to have people in them continuously throughout the day, it would
not be very effective to have shades attached to motion sensors, since they would be open all day long.
Homes are typically occupied less than office buildings, especially during the day, when the sun has the
most effect on energy use. Therefore, this research will focus on the effect of window shades that are
controlled by motion sensors for home use.
Many of the previous studies used exterior window shades, which can be expensive, and
sometimes more complicated to install than interior window shades. This study was designed to test the
effectiveness of a simple, interior window shade that was cheap ($100), and easy to install in existing
buildings. This type of shade would be useful for renters, and other people who don’t want to make
large modifications to their buildings to reduce energy. In addition, this study focused on the
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effectiveness of a window shade controlled by a motion detector for home use, since there hasn’t been
a lot of previous research done on that topic in particular.

Materials and Methods
The best method of testing the effectiveness of window shades would be to install one on every
window of a house. This would eliminate any effects of uneven heat distribution caused by some areas
of the house receiving sun while others are shaded. Because of resource limitations, this was not
possible for this study. Instead, one room of a house was chosen for the study, and the room was sealed
off from the rest of the house as much as possible by blocking all vents and cracks around the door, to
eliminate external heat effects.
The room that was used for testing was a bedroom on the second floor of a two story house.
The room was about 90 square feet with an adjoining closet and has one window that receives direct
sun during part of the day. The room was on the South West corner of the house, with one vent, which
was blocked during the course of testing. Testing occurred in the fall over a four week period, from
September 26th to October 24th. Since the room was on the second floor, it was unusually warm during
the summer and winter months due to heat rising in the house. The study was done during fall, because
there are fewer heat sources, and the second floor has less of a temperature difference from the rest of
the house.
The experiment took place over two separate trials. The separate trials were to compensate for
the movement of the sun. Since the sun was not shining directly into the window, the angle of the sun in
relation to the window changed over the course of the experiment. By splitting the experiment into 2,
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two week trials instead of one longer trial, the movement of the sun throughout the experiment can be
approximated to be the same throughout each trial.
Temperature measurements for both trials were taken using Vernier Temperatures probes, read
by three Vernier LabQuest measurement devices. Measurements were taken at 3 different points
throughout the room (next to the window, middle of the room, and opposite from the window) See
Appendix A for rough floor plan of the room. For both trials, air temperature measurements were taken
inside the room, outside the room in the house (near the door to the experiment room), and outside of
the house. These measurements were taken at one hour intervals, as well solar radiation measurements
taken every hour at a location near the room. Measurements were only taken during the day, since the
room temperature at night is not directly affected by the sun.
The solar radiation data was obtained from the High Plains Regional Climate Center at a location
3 blocks east of the testing site. The data received was solar radiation flux, measured in Kcal/m2, which
was averaged every hour. In order to get an accurate measurement of the solar energy, the total energy
received from the sun was calculated by adding each measurement over the course of the day. Since the
sun only shines on the window in the afternoon, only the solar data from the afternoon (between 1200
and 1900) was totaled to compare treatments, since the solar radiation received in the morning was
constant.
The measurement for solar radiation includes an area component. The area of the window and
angle in relation to the sun was not calculated in this report when performing analysis. This does not
affect the analysis of data, since the angle and area of the window did not change throughout the
experiment.
Two different treatments were used during each trial. The first treatment (open treatment) had
the window shade fully open for the entire day. This was to simulate having no window shade present.
5

The second treatment (closed treatment) had the window shade set on automatic mode, so that it was
normally closed, would open when someone walked into the room, and would close after five minutes
of detecting no motion. If the window was in full sun when someone walked into the room, the shade
would only open halfway. If there was no direct sun on the window, the shade would open all of the
way. In order to account for long term differences in sun and temperature throughout the study, the
treatments were alternated each day for both trials.
After the data was collected, the three temperature measurements inside the room were
averaged to determine an average room temperature. This average room temperature was analyzed to
determine if using the window shade had an effect on the room temperature. If the shade did affect the
room temperature, this increase (or decrease) in temperature would be correlated to heating costs, to
determine if there were monetary savings from using the window shade. In order to accurately
determine cost savings, the energy used by the window shade was also measured, using a measuring
device on the plug.
Because the amount of energy used for cooling is directly related to temperature, the maximum
energy difference between treatments will occur at the maximum temperature difference. Therefore,
treatments were compared using the temperature at the maximum difference. The maximum difference
was calculated using the averages for the open and closed treatments.
After determining the time of maximum difference, the temperatures for the open and closed
treatments were compared using temperature at the time of max difference. Since the data was not
normally distributed, the Mann-Whitney test was used to determine if there was a significant difference
between the open and closed treatments. A confidence interval of 95% was used.
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The other variables that were not able to be controlled were analyzed using the Mann-Whitney
test to determine if there was a significant difference between the open and closed treatments. This
was done to ensure the uncontrollable variables were relatively constant throughout the treatments.
The room temperature was also compared to each of the other variables using the Pearson
correlation test to determine if any correlation existed. A confidence interval of 95% was used. When
comparing the outside and inside temperatures, the temperature at time of maximum room
temperature difference was used. When comparing to solar radiation, the total radiation received in the
afternoon (between 12:00 and 1900 each day) was used.

Results
As seen in Figure 1, the maximum temperature difference for the first trial occurs at 17:00, with
the open treatment temperature being higher by of 2.3 0F. Table 1 shows the average room
temperatures of the open and closed treatments at 17:00 for each of the days. Using the Mann-Whitney
test, the two data sets are not significantly different (P=.37), meaning there is no difference in
temperatures between the open and closed treatments for the first trial.

Table 1: Average room temperature at 17:00 for first trial.
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Figure 1: Average room temperature throughout the day for first trial.
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Figure 2: Average room temperature throughout the day for second trial.
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Figure 2 shows the temperature distribution throughout the day for the second trial. For this
trial, it is shown the maximum difference occurred at 18:00, with the closed treatment having a higher
temperature.

Table 2: Average room temperature at 18:00 for second trial

Table 2 shows the temperatures at 18:00 for each day during the second trial. Using the MannWhitney test, there is not a significant difference between the data sets (P=.8), meaning there is no
difference in temperatures between the open and closed treatments for the second trial. Because there
was no significant difference in room temperature between the open and closed treatments for both
the first and second trials, no further analysis on the difference in energy use is needed.
The amount of energy the shade used was .046 kWH per day. Since the price for electricity in
Lincoln NE (summer rates) is .0995 $/kWH, the window shade cost .46 cents per day to operate, a total
of 6.4 cents over a two week period, and $1.64 over the course of a year. The average electric bill in
Lincoln NE is $100 per month (Electricity Local, 2015), so the window shade would be about .13% of the
total electricity bill over the course of a year.
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For the first trial, the average of the solar radiation for the open treatment is 1465 Kcal/m2 and
1738 Kcal/m2 for the closed treatment. The Mann-Whitney test shows there is no significant difference
between the two treatments (P=.37). The average outdoor temperature is 67.66 0F for the open trial,
and 71.78 0F for the closed trial. The Mann-Whitney test shows there is no significant difference
between the two treatments (P=.37). The average indoor temperature is 76.51 0F for the open
treatment, and 75.07 0F for the closed treatment. The Mann-Whitney test shows there is no significant
difference between the two treatments (P=.7).
For the second trial, the average of the solar radiation for the open treatment is 1484 Kcal/m2
and 1401 Kcal/m2 for the closed treatment. The Mann-Whitney test shows there is no significant
difference between the two treatments (P=.7). The average outdoor temperature is 68.32 0F for the
open treatment and 69.25 0F for the closed treatment. The Mann-Whitney test shows there is no
significant difference between the two treatments (P=.94). The average indoor temperature is 76.09 0F
for the open treatment and 77.04 0F for the closed treatment. The Mann-Whitney test shows there is no
significant difference between the two treatments (P=.53).
Since the use of the window shade doesn’t have an effect on the room temperature, the other
variables are compared to the room temperature to determine if any other relationships exist. Table 3
shows a summary of the correlations between the room temperature and solar radiation, outside
temperature, and inside temperature. For all of the relationships, a correlation exists if the P-value is
less than 0.05.

Table 3: Summary of correlations between room temperature and other variables
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The largest source of error comes from the frequency of measurements. Because this study
used data from an outside source, hourly measurements needed to be used for all measurements. This
means that it is possible that the actual maximum temperature throughout the day is not the recorded
temperature, if it occurs between the hourly measurements. Even if the exact maximum temperature is
not recorded, there is less than 1% difference in the hourly measurements near the maximum,
therefore, the hourly measurements are representative of the maximum temperature difference for this
study.

Discussion
The first and second trials had different times where the maximum difference in room
temperature between treatments occurred. For the first trial, it occurred at 17:00, while it occurred at
18:00 for the second trial. These times are only one hour apart, and since the sampling interval is one
hour, it is not unusual for the times to be different.
For both trials, there was no significant difference in the room temperature between the open
and closed treatments. Since there was no significant difference in temperatures at the point of
maximum difference, and the point of maximum temperature difference is where the maximum energy
savings would occur, it can be concluded that there is no energy savings associated with using an
interior window shade equipped with a motion sensor.
Since all of the uncontrollable variables (solar radiation, outside temperature, inside
temperature) have no significant difference between the treatments, the conclusions about the room
temperature are valid, since they were not influenced unequally by other variables.
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Even though there were no energy savings associated with the window shade, it is still
important to look at the energy used by the shade. It was found that the shade used an average of .45
cents per day to operate. This is about .13% of the total electric bill over the course of a year, showing
that the window shade has a very small effect on the overall electricity cost of the house.
Since the window shade has no significant impact on the temperature of the room (and energy
usage), it is important to look at other factors, to see if there are connections with the room
temperature. These connections may give a clue as to why this shade didn’t have any effect when other
shades did.
From Table 3, there is a correlation between the solar radiation and the temperature for the
open treatment in the first trial, but no correlation for the open treatment in the second trial. There is
no correlation between solar radiation for the closed treatment for both the first and second trials.
Based on previous studies, it is expected that there is no correlation between solar radiation and room
temperature for the closed trials, since the window shade would block the effects of solar radiation.
However, it would also be expected that there would be a correlation between the room temperature
and solar radiation for the open trials, however, this is only the case for one of the trials. This leads to
the conclusion that the room temperature may not have been affected only by the solar radiation, and
was instead affected by other factors such as the inside temperature.
There is a correlation between the room temperature and the outdoor temperature for only the
closed treatment during the second trial. All of the other treatments and trials have no correlation
between the outdoor temperature and room temperature. Since correlation only occurred 25% of the
time, it is not possible to make any assumptions about overall correlation. It is likely that there is no
relationship between outdoor temperature and room temperature, since there was no correlation 75%
of the time, however more studies are needed to determine if a link exists.
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There is a correlation between room temperature and inside temperature 100% of the time.
While it is not possible to tell if the room temperature is caused by the indoor temperature based only
on this data (correlation does not imply causation), it is highly likely that the indoor temperature has an
effect on the room temperature. It is also possible that the room temperature is having an effect on the
indoor temperature, although this is not likely, since the volume of the house is much greater than the
volume of the room. More studies are needed to prove that the room temperature is related to the
indoor temperature.
Since it is highly likely the inside temperature and room temperature are related, this could be
overshadowing any effects that the solar radiation had on the temperature of the room. The window
shade is designed to only reduce temperature effects from solar radiation, and since the solar radiation
did not playing a large role in the temperature of the room, the window shade did not have any effect.
This could be why this particular window shade didn’t reduce the temperature.
Even though this study found no link between the window shade and the temperature of the
room, it is recommended that the study be repeated with some modifications before concluding that an
internal window shade with a motion sensor doesn’t affect the temperature and cooling costs of a
house. Since there was a strong correlation between the inside temperature of the house and the room
temperature, it is recommended to repeat the experiment with window shades on all of the windows of
the house that receive sun, and thus be able to test the temperature difference of the entire house.
Another way would be to completely insulate the experimental room from the rest of the house. The
experimental room used in this study was sealed from the vents and cracks around the door, but it was
not possible to insulate the door itself, or the walls and floor. Completely insulating the experimental
room (including walls and floor) would help remove the effect of the inside temperature, and would be
able to determine if a window shade with a motion detector has an effect on the temperature of the
room.
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Summary and Conclusions
The purpose of this study was to determine if an automatic window shade with a motion
detector had any influence on the energy use of a house. The experiment was conducted on one room
in a house that was sealed as much as possible from the rest of the house, and outfitted with an
automatic window shade. The temperature in the room was measured to determine if the window
shade had any effect on the temperature of the room. Since energy use is related to temperature, the
amount of energy saved can be calculated from the difference in temperature.
It was found that there was no relationship between the temperature of the room and the use
of the window shade. Other factors such as solar radiation, outside temperature, and the temperature
inside the house were also measured and found to be consistent between treatments, meaning they did
not influence the results. Since there was no temperature difference associated with using the window
shade, there was also no energy savings from decreased cooling costs. Even though there was no energy
savings, the energy use of the window shade was also very small, about .13% of the yearly electricity
cost.
The relationships between the room temperature and other variables were also examined, and
it was found that there was no likely relationship between the solar radiation and the room
temperature, as well as no likely relationship between the outside temperature and the room
temperature. There was a likely relationship between the temperature inside the house and the room
temperature. This indicates that the room temperature was influenced by the inside temperature,
instead of the solar radiation or outside temperature. Since other studies have found that window
shades reduce energy costs, more studies that eliminate the effect of the inside temperature are
needed in order to determine if the window shade has an effect on room temperature.
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Appendix A: Floor Plan of Experimental Room

*Note: Floor plan is approximate measurements, not to scale
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Appendix B: Trial 1 Raw Data
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Appendix C: Trial 2 Raw Data
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